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«A doctor can not be perfect without perfect knowledge in chemistry»

M.V. Lomonosov

Dear first-year students!
Bioorganic chemistry is a part of course of biological chemistry and includes significant factual material based on the theoretical basis of structure and reactivity of organic compounds. Don't simply remember particular theoretical provisions, it is necessary to embrace this theory for the specified tasks. Student's self-work is a main method for acquiring of knowledge. This work-book helps to organize self-preparation efficiently.
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Basic safety instructions
Work with small quantities of chemical reagents reduces a possibility of accidents resulting in injuries but it does not exclude them at all. Read safety instructions, fire safety instructions and explosion precautions attentively before the practical work. These instructions as well as first aid measures and given below regulations of working in laboratory you can find in any chemical laboratory. Every student after inspection of these basic safety instructions should pass a test.
Preventive measures under the work with test tubes
It is necessary to use only dry test tubes for experiments. When heating substances in a test tube, always point the mouth of the test tube away from yourself and others. You should heat test tube gradually. When using a Bunsen burner, the flame should touch the test tube below the liquid level. 

Always watch evaporation closely. A vessel, heated after evaporation has already occurred, may crack. Do not put hot test tube on cold or wet surfaces as it may break with temperature change. Never heat test tube that is etched, cracked, chipped, nicked or scratched. Test tube with thick walls (e.g. bottles and jars) should never be heated over a direct flame. Additionally, do not heat test tube directly on electrical heating elements. Do not look down into a test tube being heated. Cool test tube slowly to prevent breakage, unless using specifically designed glassware.
Working with delivery tube makes sure that its one side is in the liquid through which gas is passes. You can remove burner out from the test tube with reaction mixture only if lower end of the delivery tube is removed from the liquid. If liquid begins to get up the delivery tube, put down the test tube in such manner that level of liquid becomes lower then end of delivery tube. Continue to heat the content of the test tube until evolved gas push out the liquid into delivery tube.

Preventive measures under the work with flammable materials
All works with flammable liquids – ester, benzene, low alcohols, acetone, ethyl acetate must be performed far from open flame and powered plates. Flammable liquids can be heated only on the burners filled with the corresponding coolant. Diethyl ether can be heated only with hot water preliminary apart from ester. To avoid poisoning, try not to inhale a vapor of flammable liquid.
If ignition of flammable liquid in any glassware occurs, cover it with fire blanket which is in any laboratory. In the case of spill of flammable liquid it must be extinguished with sand. If the man clothing burns, he/she must be twisted up the fire blanket until fire is out.
Preventive measures under the work with acids and bases.
Mineral acids (hydrochloric, nitric, sulfuric), and also strong organic acids result in chemical burns. Chemical burns can be caused by acids or bases that come into contact with tissue. All works with concentrated acids and bases must be performed only in exhaust hood.
When performing dilutions it is vital to work safely and always add acid to water, not the other way around! 
Alkali must be dissolved by slow addition of crystals of alkali to the water. Pieces of alkali can be taken only with pincers.

Poured acids and bases must be covered up with sand and then clean.
Preventive measures under the work with metal sodium 
Sodium by itself reacts vigorously with water. To prevent this, it must be shielded from water. This can be done by paraffin, or by immersing it in oil or similar substance. Before the usage pieces of sodium must be dried between the pieces of filter paper. Metal sodium must be put only in dry test tube.

You should avoid water entry. Remains of sodium in reaction tube must be withdrawn using the dissolution in alcohol. All works with metal sodium can be performed only under the control of teacher.
Preventive measures in case of emergency
If you cut your hand by glass you should remove the glass right away in order to prevent the spread of infection and avoid an allergic response. Swab the wound with iodine (or Solutio Lugoli), close with gauze and apply a bandage. At a slight injury after the treatment with a solution of iodine wound can be closed with a piece of adhesive plaster.

Put a sterile dressing on the wound and apply pressure. The pressure needs to be firm because the pressure is going to stop the bleeding. If the bleeding is heavy and soaking through the dressing, put other hemostatic gauze. It can be prepared in laboratory by the damping of gauze with 10% solution of iron (III) chloride or 3% solution of hydrogen peroxide.

If you got heat burn wet the wound with 5% solution of tannin in 10% ethanol. It will be better to apply gauze wetted with 1% solution of soda.
Wash the wound with a large amount of water at the burns with strong alkalies and apply gauze wetted with 1% solution of acetic acid. For alkali splashes on the eye wash immediately with large quantities of water and then rinse with 2% solution of sodium hydrogen carbonate (to neutralize acid), or 2% solution of boric acid (to neutralize base). It is better to rinse eyes using special eye bath.
While getting burns of skin with bromine wash any bromine from your skin with large amounts of soap and water and apply the burn ointment.
While getting burns of skin with hot organic liquids it is necessary to rinse burnt place with corresponding organic solutions (but not water), more often this is alcohol.

In the case of skin burns because of the exposure of liquid phenol it is necessary to treat effected white skin area with glycerol until normal color of skin return. Then wash effected area with water and apply gauze wetted with glycerol. If left unchallenged, wounds that do not heal for a long time can occur.
Subject №1. Classification, nomenclature and isomerism of bioorganic compounds. The nature of the chemical bond. The spatial structure of organic compounds. Mutual influence of the atoms in the molecules of organic compounds.

Number of hours – 4
Motivational characteristics
While studying the chemical processes occurring in the organism, you meet with numerous and a variety of organic compounds. To orientate in this variety of compounds you need to know their scientific classification and nomenclature.

Chemical behavior of these compounds, including biochemical transformations, is determined by their composition, the electronic and spatial structure, the mutual influence of atoms in these compounds.
Questions for out-of-class self-work for estimation of students' initial level of knowledge:
1. Classification of organic substances according to the carbon skeleton and functional groups.

2. Nomenclature of bioorganic compounds: trivial, radico-functional (rational), international (substitutive, IUPAC nomenclature).

1. Isomerism of organic compounds. A.M. Butlerov’s contribution to the development of fundamental principles of isomerism.

2. Electronic structure of carbon atom. The nature of the chemical bond in organic compounds.

3. Spatial structure of organic and bioorganic compounds:

а) conformations of compounds with sp3-hybridized carbon atom;

b) structure of cycloalkanes. Bent (“banana”) bonds;

c) open and closed conjugated systems. Aromaticity. Huckel's rule.

4. Mutual influence of atoms in the molecules of organic and bioorganic compounds. Inductive and mesomeric effects.
Practical skills:
1. To be able to classify organic and bioorganic compounds.

2. To be able to name bioorganic compounds according to IUPAC nomenclature and radico-functional nomenclature.

3. To be able to give formulas of bioorganic compounds according their name.

4. To be able to characterize spatial structure of bioorganic compounds.

5. To be able to determine the sign and kind of electron effects of substituents in the molecules of bioorganic compounds.
Questions for class-work and self-work:
1. Write down to which class of hydrocarbons do the following compounds belong to:

а) СН3 – СН2 – СН2 – СН3; б) СН3 – СН = СН – СН3;

b) 
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2. Heterofunctional compound – amino acid treonine [image: image6.png]CHS—CH—?H-—COOH
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  is an important residue of many proteins. Name functional groups that are in this molecule. To which classes of organic compounds do these groups belong?
3. Give the IUPAC name for the following compound:

[image: image7.emf]
4. Choose homologues among the listed below organic compounds. Give the trivial and international names for these compounds:
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а)               


b) НООС – СН2 – СН2 – СОOH;

c) НООС– СН2 – СН2 – СН2 – СОOH

d) НООС – СН2 – СН2 – СОOH

e) НООС– СН2 – СН2 – СН2 – СОOH
5. Give the structures of all possible isomers of diphenol. Name the substances according to trivial, rational and international (IUPAC) nomenclature.

6. Give the structures of cys- and   trans- isomers of butenedioic acid.
7. Draw structural formulas and give the rational name for the hydroxy- and oxo-acids taking part in  Krebs cycle:
а) malic acid (2–hydroxybutanedioic acid):

b) citric acid (3–hydroxy–3–carboxypentanedioic acid):

c) oxaloacetic acid (2-oxobutanedioic acid)

d) acetoacetic acid (3-oxobutanoic acid)

8. Draw structural formula for salicylic acid (2-hydroxybenzoic acid) and give its rational name.

9. Draw structural formulas and name the following compounds using international (IUPAC) nomenclature:

а) valine (α-amino-β-methyl butyric acid)

b) lysine (α, ε-diaminocaproic acid)

c) glutamic acid (α-aminoglutaric acid)

10. According to the chemical nature carbohydrates are polyatomic aldehyde and ketoalcohols. Give the name for glucose and fructose using the IUPAC nomenclature:
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11. Ethanolamine, also called 2-aminoethanol, is a component of phospholipids that are a major component of all cell membranes. Determine type of hybridization of the carbon atoms in this compound; draw Newman’s projection of possible conformation for this compound.
12. Describe the spatial structure of butane molecule.

13. Describe the structure of cyclopropane. Write the reaction equation of cyclopropane with bromine basing on its structure.

14. Myoinositol found in the muscles and tissues of the organism is called                      cyclohexane-1,2,3,4,5,6-hexaol. Draw its molecule in the most convenient conformation with the most convenient location of substituents if one of the hydroxyls has axial location.

15. Draw cys- and trans- isomers of oleic acid:

16. Prove that vitamin A (retinol) is an open conjugated system. Define the kind and sign of electronic effects of OH-group in this compound:
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17. Prove that benzene ring in the structure of amino acid tyrosine is a closed conjugated (aromatic) system. Define the kind and sign of electronic effects of OH-group in this compound and compare them with the effects in vitamin A.
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18. Prove that indole and quinoline are aromatic systems. How do pyrol-type and pyridine-type nitrogens influence the electronic density in the cycle?

19. Determine the kind and sign of electronic effects for substituents in the following compounds:

1. vitamin B6 (pyridoxal) 
[image: image8.png]O}ZCHJOH
SN





2. benzoic and propionic acids;

3. aniline (fminobenzene) and ethylamine

Conclusions: ________________________________________________________________________________________________________________________________________________________________
Date______________
Teacher's signature _________________________
Subject № 2. Classification of chemical reactions. Reactivity of alkanes, alkenes, arenes, alcohols and phenols.
Number of hours – 4

Motivational characteristics
Material of this subject is the basis for understanding the molecular level of the chemical processes taking place in living organisms during metabolism. Knowledge of reactivity of organic compounds is an important for conscious acquisition the properties and characteristics of chemical behavior of biopolymers and their metabolites, bioregulators, medicinal products.  This knowledge will help students in learning biochemistry, normal physiology, pharmacology and other medico-biological subjects.
Questions for out-of-class self-work for estimation of students' initial level of knowledge:
a) Methods of breaking of covalent bond. Radical, nucleophilic and electrophilic reagents.

b) Chemical properties of alkanes: radical substitution reactions. Lipid peroxidation. Mechanism of the radical substitution reaction.

c) Chemical properties of compounds with double bonds: electrophilic addition reactions, their mechanism. Markovnikov's rule and its modern interpretation.
d) Reactivity of aromatic compounds. Electrophilic substitution reactions. Orienting effect of substituents in benzene ring and heteroatoms in heterocycles.
e) Chemical properties of alcohols and phenols: acidity of mono-and polyatomic alcohols and phenols; elimination, oxidation. The concept of the mechanisms of the nucleophilic substitution and elimination reactions. 

Practical skills:
1. To be able to use the knowledge of electronic and spatial structure of organic compounds to predict and characterize their chemical properties.

2. To be able to make a scheme and describe the mechanism of the reactions: radical substitution (SR), electrophilic addition (AE), electrophilic substitution (SE), nucleophilic substitution (SN), elimination (Е).

3. To be able to carry out experiments which characterize reactivity of hydrocarbons, alcohols and phenols.

Questions for class-work and self-work:
1. Give the examples of homolytic and heterolytic fission of covalent bond. What are the conditions of the processes?

2. Give the scheme and mechanism of propane bromination.

3. Give the mechanism of oleic acid peroxidation. Show the mechanism of radical bonding by α-tocopherol.
4. Show the mechanism and scheme of the reaction of 2-methylpropene with hydrogen bromide with the account of electronic effects.

5. Compare reactivity of propene and propenoic acid at the hydration reaction. What are the conditions of this reaction.

6. Give the scheme of transformation of fumaric (trans-butenedioic) acid into malic acid.

7. Give the scheme and mechanism of benzene bromination reaction

8. Compare the chemical behaviour of toluene: a) at the UV-irradiation; b) at the presence of Lewis acid – FeCl3.

9. Compare the chemical behaviour of the following compounds at the bromination reaction: а) phenol and benzoic acid; b) pyrol and pyridine.
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Compare acidic properties of the following compounds:

а) Н ‑ О – Н
b) СН3 – О – Н
c) С2Н5 – О – Н
d)                     
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f)
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10. Write the equation of ethanol with hydrogen chloride at the moment of evolution.
11. Write the equations of possible dehydration reactions for alcohols.

12. Compare the chemical behaviour of glycolic and malic acids at the oxidation reaction.

\
Laboratory work
Experiment 1. Reactivity of alkanes. 
Apply one drop of potassium permanganate and concentrated sulfuric acid on the slide at the short distance from one another. Mix every drop with paraffin oil. 

Observations:____________________________________________________________________________________________________________________________________________________________
Conclusions: ________________________________________________________________________________________________________________________________________________________________
Experiment 2. Oxidation reaction of arenes. 

Add 1 drop of KMnO4 and 1 drop of H2SO4 solution to the test tube containing two drops of water. Add 1 drop of benzene to the obtained solution. Add 1 drop of toluene to the another test tube containing 5 drops of water, 1 drop of KMnO4 solution and 1 drop of H2SO4 solution. Heat at the burner flame shaking vigorously.


[image: image12.emf]
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Observations:___________________________________________________________________________________________________________________________________________________________
Conclusions: ________________________________________________________________________________________________________________________________________________________________
Experiment 3. Nitration of toluene.
Add 3 drops of the concentrated H2SO4 and 2 drops of the concentrated HNO3 to the test tube. Then add 2 drops of toluene and slowly bring down to boiling. Allow the contents of the test tube to cool and pour it to another test tube containing 8 – 10 drops of water. Gently shake the contents of the test tube and identify the nitrotoluene according to the smell which is similar to the bitter almond smell, this is characteristic feature of aromatic mononitrocompounds.


[image: image14.emf]
Observations:____________________________________________________________________________________________________________________________________________________________
Conclusions: ________________________________________________________________________________________________________________________________________________________________
Experiment 4. Reaction of glycerol with Cu(OH)2 in alkaline medium.
Add 2 drops of 2 % CuSO4 solution and 2 drops of 10% NаОН solution to the test tube. Blue precipitate of Cu(OH)2 forms. Add 1 drop of glycerol to this precipitate and gently shake the contents of the test tube. Blue chelate compound forms after the reaction of cupper (ІІ) hydroxide with glycerol.
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Observations:__________________________________________________________________________________________________________________________________________________________

Conclusions:
________________________________________________________________________________________________________________________________________________________________
Experiment 5. Colour reaction of phenol with iron (ІІІ) chloride.
Add 1 drop of liquid phenol and 1 drop of water to the test tube. While shaking emulsion of phenol forms and then it becomes broken. Add water dropwise till clear solution of phenol in water (phenolic water) forms. Add 3 drops of prepared phenolic water and 1 drop of 1% iron chloride solution to another test tube. Purple colour forms that is caused by the formation of mixture of the following complex compounds: C6H5OFeCl2, (C6H5O)2FeCl, (C6H5O)3Fe. Intensity of colour increases during the dilution with water and reduces or completely disappears after the addition of ethanol.
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3C6H5OH + FeCl3       (C6H5O)3Fe + 3HCl
Observations:____________________________________________________________________________________________________________________________________________________________
Conclusions: ________________________________________________________________________________________________________________________________________________________________
Experiment 6. Proof the acidic properties of phenol.
Add 1 drop of phenol to the residue of phenolic water and shake. Add of 1 drop of 100% NaOH solution to the obtained emulsion of phenol in water. Clear solution of sodium phenolate forms and it is freely soluble in water.


[image: image16.emf]
Observations:____________________________________________________________________________________________________________________________________________________________
Conclusions: ________________________________________________________________________________________________________________________________________________________________

Experiment 7. Precipitation of protein bodies with phenol.
Add 1 – 2 drops of liquid phenol and 1 drop of protein solution on the slide. Mixture grows turbid as a result of protein denaturation by phenol. This is the base of phenol usage for desinfection. 

Observations:____________________________________________________________________________________________________________________________________________________________
Conclusions: ________________________________________________________________________________________________________________________________________________________________

Date______________
Teacher's signature _________________________
Subject № 3. Structure and properties of aldehydes and ketones. Structure, properties and biological significance of carboxylic acids and amines.
Number of hours– 4

Motivational characteristics
Functional groups of aldehydes and ketones (oxo-group), carboxylic acids (carboxylic group), amines (amino group) are part of biologically active compounds of natural origin such as monosacharides, amino acids, vitamins, prostaglandins, and many medicinal products. Participation of these compounds in biochemical transformations, metabolism of medicinal products in the organism is provided by the functional groups. Aldol condensation of oxo-compounds are the basis of biosynthesis of citric and N-acetylneuramic acid. Formation of Schiff's base after reaction between oxo-compounds and amines ensures biosynthesis of nonessential amino acids. Carboxylic acids transform in Krebs cycle – main energetical cycle of the organism.
Questions for out-of-class self-work for estimation of students' initial level of knowledge:
1. Main characteristic of oxo-compounds.

2. Structure of carboxylic group.

3. Chemical properties of aldehydes and ketones:

а) nucleophilic adition reactions (АN);

b) reduction and oxidation reactions.

4. Qualitative reactions for aldehydes.

5. Classification of carboxylic acids

6. Electronic structure of carboxylic group

7. Chemical properties of carboxylic group:

а) salt formation;

b) nucleophilic substitution reactions (SN);

c) decarboxylation.

8. Amines: classification, nomenclature.

9. Chemical properties of amines:

а) basicity;

b) nucleophilic transformations with the participation of amines (alkylation, acylation);

с) interaction of amines with nitrous acid.

10. Medico-biological significance of oxo compounds, carboxylic acids, amines.

Practical skills:
1. To be able to use the relation between electronic and spatial structure of functional groups to characterize chemical properties of corresponding organic compounds.

2. To be able to make schemes and  describe the mechanisms of reactions typical for oxo compounds, carboxylic acids, amines.

3. To be able to master the procedures of conducting reactions common to oxo compounds, carboxylic acids.

Questions for class-work and self-work:
1. Characterize the electronic structure of carbonyl group. Which reactions are characteristic for oxo compounds?

2. Compare reactivity of the following compounds: formaldehyde, ethanal, propanal, trichloroacetaldehyde, propanone-2.

3. Write the scheme and mechanism for butanal reduction reaction.

4. Write the scheme of conversion of oxaloacetic acid into malic acid in the Krebs cycle.

5. Write the scheme and mechanism of hemiacetal and acetal formation after the reaction between propanal and ethanol. Indicate reaction conditions.

6. What transformation takes place with 5-hydroxypentanal in acidic medium? Write the reaction equation.

7. What is С – Н acidity? Write the reaction equation of aldol condensation of propanal.

8. Write the scheme of interaction between propanal and ethylamine. Compare this scheme with the reaction in task № 5.

9. Write the equation of oxidation of glyoxylic (oxoethanoic) acid and acetone (propanone).

10. Describe the electronic structure of carbonyl group.

11. Place the following compounds in order of increasing acidity:
а) methanoic, ethanoic, propanoic, trichloroethanoic acid;

b) α-hydroxybutyric acid, α-oxobutyric acid, β-hydroxybutyric acid.

12. Write the reaction equation for formation of acid and neutral salts of citric acid.

13. Write the reaction equation for formation of  chloride and amide of nicotinic (β-pyridine-carboxylic) acid.

14. Obtain acetylsalicylic acid using esterification reaction:   [image: image17.wmf]O
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15. Write the reaction equation for decarboxylation and carboxylation of pyruvic                        (2-oxopropanoic) acid.

16. Compare basic properties of  the following compounds: а) methylamine, dimethylamine, trimethylamine, aniline; b) pyridine and pyrol.

17. How do ethylamine and aniline react with water and hydrochloric acid? Write the reaction equations and name obtained products.

18. Write the equations for the reactions of ethylamine with: a) methyl chloride;
        b) acetylchloride.

19. Write the equations for the reactions of primary and secondary amines with nitrous acid.

Laboratory work

Experiment 1. Test for the presence of formaldehyde and acetone with copper (II) hydroxide. 
Take 2 test tubes. Place 5 drops of 10% NaOH solution and 5 drops of water in each test tube. Add 1 drop of 2% CuSO4 solution in each test tube, precipitate of Cu(ОН)2 forms. In the first tube with formed Cu(ОН)2 add 3 drops of 40% formalin solution, in the second tube with formed Cu(ОН)2 add 3 drops of acetone. Carefully bring these tubes to a boil. In the first test tube precipitate becomes yellow first then it changes its colour to red. If test tube is clean, metallic copper can form on the sides of test tube («copper mirror»).
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Observations:____________________________________________________________________________________________________________________________________________________________
Conclusions: ________________________________________________________________________________________________________________________________________________________________
Experiment 2. Iodoform test for acetone.
This reaction is used in clinical laboratories for diagnosis of diabetes. Place 1 drop of І2 in КІ to the tube and add dropwise 10% NaOH solution till decolourization. Add 1 drop of acetone to the decolourized solution. Yellow precipitation of iodoform precipitates after slight heating; it can be easily revealed by a characteristic smell.

CH3COCH3 + 3J2 + 4NaOH −−→ CHJ3 + CH3COONa + 3NaJ + 3H2O
Observations:____________________________________________________________________________________________________________________________________________________________
Conclusions: ________________________________________________________________________________________________________________________________________________________________
Experiment 3. Test on acetic acid.
Place 3 drops of acetic acid and 3 drops of water into the test tube. Check the pH of the solution using litmus. Add 2 – 3 drops of 10% sodium hydroxide solution to the obtained solution till the neutralization of acetic acid. Then add 2 – 3 drops of 1% iron (III) chloride solution FeCl3. Black-and-yellow iron (ІІІ) acetate forms. Bring this solution to a boil. Dark-rown precipitate of insoluble iron hydroxydiacetate forms. Supernatant becomes colorless.

CH3COOH + NaOH → CH3COONa + H2O

3CH3COONa + FeCl3 → (CH3COO)3Fe + 3NaCl

(CH3COO)3Fe + HOH →↓(CH3COO)2(OH)Fe + CH3COOH
Observations:____________________________________________________________________________________________________________________________________________________________
Conclusions: ________________________________________________________________________________________________________________________________________________________________
Experiment 4. Determination of oxalate ion in the form of calcium salt.
Place several crystals of oxalic acid in to the test tube and add 4 – 5 drops of water to dissolve completely. Pipette 1 drop of obtained solution and apply it on the slide, add 1 drop of calcium chloride solution. Crystal-like precipitate forms.
[image: image21.wmf]C

O

O

H

C

O

O

H

C

O

O

H

+ NaOH

- H

2

O

NaOH

COONa

COONa

COONa

- H

2

O


[image: image22.emf]
Observations:____________________________________________________________________________________________________________________________________________________________
Conclusions: ________________________________________________________________________________________________________________________________________________________________
Date______________
Teacher’s signature _________________________
Subject № 4. Structure, properties and biological significance of derivatives of carboxylic acids (hydroxy-, keto- and phelolic acids). Amino acid composition of proteins and peptides. Structural organization of proteins.
Number of hours – 4
Motivational characteristics
Hydroxy-, oxoacids and amino acids in biological systems perform important physiological functions. Hydroxyacids (citric, isocitric, malic) and oxo-acids (oxaloacetic, α-ketoglutaric) transfer in the Krebs cycle that caters to the needs of human body in energy. Oxoacids take part in biosynthesis of nonessential amino acids (transamination). Salicylic acid and its derivatives are medicinal products.
α-Amino acids are the monomers of proteins – substances that form the basis of life. Biogenic amines are synthesized from amino acids in the organism. Some of them are neurotransmitters: serotonin, adrenalin, noradrenaline, dopamine etc. Derivatives of amino acids are lactams that are part of antibiotics, nootropics. Derivatives of p-aminobenzoic acid, sulfanilic acids are medicinal products. 

Knowledge about the structure and properties of abovementioned substances helps future doctor to predict their behaviour in biochemical transformations.
Questions for out-of-class self-work for estimation of students' initial level of knowledge:
1. Hydroxy-, oxo-acids and amino acids, their properties, classification, nomenclature.

2. Spatial (configurational) isomerism of hydroxy -acids and amino acids (enantiomerism, diastereomerism, mesophores, raemates). Optical activity. D- and L- stereochemical series.

3. Chemical properties of hydroxyacids and amino acids with the participation of corresponding functional groups.

4. Specific properties of α, β, γ- hydroxyacids and α, β,γ-amino acids.

5. Some transformations in the human body: decarboxylation, deammination, transammination.

6. Chemical properties of oxoacids as bifunctional compounds.
7. Keto-enol tautomerism of oxoacids.

8. Proteins: composition, primary, secondary, tertiary, quaternary structure. Classification of proteins.

9. Methods of determination of qualitative composition and aminoacid sequence in peptides and proteins.

10. Synthesis of peptides with specified structure: method of protection and activation of the functional groups.
11. Stability factors of protein existence in the solution.

12. Salting out, denaturation, renaturation.
Practical skills:
1. To be able to make the formulas of optical isomers of hydroxyacids and amino acids.
2. To be able to predict chemical properties of hydroxy- and amino acids depending on functional composition.

3. To be able to perform qualitative reactions on hdroxy-, oxo-, amino acids and proteins in biological liquids.
Questions for class-work and self-work:
1. Write projection formulas of malic acid and valine. Which of the optical isomers can be found in natural protein molecules? Which stereochemical series do they relate to?

2. Write projection formulas of enantiomers of tartaric acids. Point out diastereomers.

3. Give the definition of “racemic mixture”. Describe methods of racemates separation.

4. Write the reaction schemes characterized general properties of hydroxy- and amino acids:

a) reaction of lactic acid with ethanol (esterification);
b) reaction of lactic acid with hydrogen chloride (gas);

c) reaction of valine with acetylchloride;

d) reaction of valine with nitrous acid;

e) reaction of valine with copper (ІІ) hydroxide

f) reaction of valine with formaldehyde.

5. Define the pH medium for isoelectric point of the following amino acids: valine, aspartic acid, and lysine. Write the respective equations.
5. Write possible chemical equations for the reactions that occur between lactic acid and alanine at the heating. Name products.

6. Write possible chemical equations for the reactions that occur between citric acid (as β-hydroxyacid) and β-aminobutyric acid at the heating.

7. Write a specific reaction taking place at the heating of the following compounds: γ-hydroxybutyric acid and γ-aminobutyric acid.

8. Write tautomeric forms of acetoacetic ester and prove the existence of these forms with chemical reactions.
9. Write the scheme of decarboxylation reaction for acetacetic acid and serine. What is the significance of this reaction for life processes?

10. Write the scheme of transamination between glutamic acid and pyruvic and. What is the significance of the reaction?
11. Write the scheme of reductive and oxidative deamination of phenylalanin. In what disease does oxidative deamination reaction take place?
12. Primary structure of proteins. Draw the structure of peptide His-Lys-Ser. Show peptide bonds, N and C-terminal ends in the molecule. Determine its isoelectric point.
13. Describe secondary, tertiary and quaternary structures of proteins. Which bonds make them stable?
14. What methods are used to determine the amino acid composition of proteins and peptides?
15. Write the scheme of Ala-Gly synthesis using the method of protection and activation of the functional groups.
16. What type of solutions protein belong to? Name factors of proteins stability in solutions.
17. Types of protein separation. Salting out. Denaturation and its signs.

Laboratory work
Experiment 1. Proof of presence of two carboxylic groups in tartaric acid.
Place 1 drop of 15% tartaric acid solution, 2 drops of 5% potassium hydroxide solution into a test tube and shake it. White crystal precipitate of potassium salt of tartaric acid (potassium hydrogen tartrate) forms gradually. If precipitate does not form, cool the test tube under running tap (cold) water scratch the inside of the test tube by rubbing with a glass rod. Add 4 – 5 drops of potassium hydroxide solution into the same test tube. Precipitate dissolves gradually because freely soluble potassium tartrate forms. Keep obtained solution for next experiment. 

H2C4H4O6 + KOH [image: image23.jpg]


 ↓KHC4H4O6 + H2O

↓KHC4H4O6 + KOH [image: image24.jpg]


 H2C4H4O6 + H2O

Observations _________________________________________________________________

________________________________________________________________________________

Conclusions ______________________________________________________________________

________________________________________________________________________________

Experiment 2. Proof of presence of hydroxyl groups in tartaric acid.
Take 2 test tubes and place in every test tube 2 drops of copper (ІІ) sulfate and 10% sodium hydroxide solution. Blue precipitate of copper (II) hydroxide forms. In the first test tube add solution of potassium tartrate obtained in the previous experiment. Precipitate of copper (II) hydroxide dissolves with the formation of blue solution. Bring the content of test tubes to a boil. In the first test tube colour of solution does not change but in the second test tube blue precipitate passes to a black precipitate of copper (ІІ) oxide.
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+  2H2O 

Cu(OH)2[image: image26.jpg]


 ↓CuО + Н2О

Observations _________________________________________________________________

________________________________________________________________________________

Conclusions ______________________________________________________________________

________________________________________________________________________________

Experiment 3. Proof of absence of phenolic hydroxyl in acetylsalicylic acid and its hydrolysis.
Place several crystals of acetylsalicylic acid and 5 – 6 drops of water into a test tube. Shake the test tube to accelerate dissolution. Pour out part of obtained solution into another test tube. Add 1 – 2 drops of iron (III) chloride solution into one of the test tubes. Content of other test tube bring to a boil and then add 1 drop of iron (III) chloride solution. Blue coloration appears (reaction on phenolic hydroxyl).
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Observations _________________________________________________________________

________________________________________________________________________________

Conclusions ______________________________________________________________________

________________________________________________________________________________

Experiment 4. Ninhydrin reaction with α-aminoacids, peptides, proteins.
Place 20 drops of α-aminoacid, protein into each of two test tubes. Add 5 drops of ninhydrin solution in every test tube and heat a composition of test tubes.
1.
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Observations _________________________________________________________________

________________________________________________________________________________

Conclusions ______________________________________________________________________

________________________________________________________________________________

Experiment 5. Xanthoprotein reaction with aromatic acids.
Pour 5 drops of into a test tube. Add 3 drops of nitric acid to each tube. Heat carefully. The solution turns yellow only in the first tube. After cooling add 10 drops of ammonia or NaOH solution. The color turns orange.

[image: image31.wmf]C

O

O

H

C

H

2

C

H

N

H

2

C

O

O

H

C

H

2

C

H

N

H

2

H

O

N

O

2

H

O

H

N

O

3

C

O

O

N

a

C

H

2

C

H

N

H

2

O

N

O

2

N

a

O

H

_

Tyrosine

Nitrotyrosin (yellow)

+  H

2

O

          Anion (orange)


Observations ____________________________________________________________________

________________________________________________________________________________

Conclusions ________________________________________________________________________________

________________________________________________________________________________
Experiment 6. Fohl’s reaction for sulfur-containing amino acids.
Pour 5 drops of protein into a test tube and add 5 drops of NaOH solution and 1 drop of (СН3СОО)2Pb. St Bring the content of the test tube to a boil.

1.
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2.
(CH3COO)2Pb + Na2S → 2CH3COONa + PbS ↓
Observations____________________________________________________________________

_______________________________________________________________________________

Conclusions_____________________________________________________________________

_______________________________________________________________________________

Experiment 7. Biuret reaction for peptides and proteins.
Place 20 drops of protein into a test tube, add 20 drops of NaOH solution and 2 drops of CuSO4. Shake. The solution turns violet.

Reaction with polypeptide:

2NaOH

CuSO4
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Observations ____________________________________________________________________
________________________________________________________________________________

Conclusions ________________________________________________________________________________

________________________________________________________________________________

Date______________
Teacher’s signature _________________________
Subject № 5. Carbohydrates. Structure and properties of monosaccharides. Structure and functions of di- and polysaccharides.
Number of hours – 4.

Motivational characteristics.
Carbohydrates are probably the most abundant and widespread organic substances in nature, and they are essential constituents of all living things. They participate in metabolic and energy-releasing processes in the human and animal body. Carbohydrates as main components of food provide energy for life functions. Carbohydrates are the precursors for synthesis of other compounds in the body, for example, fats, amino acids, steroids.

Carbohydrates and their derivatives are used in applied medicine: 40% solution of glucose, glycosides (for example, digitalis – as cordial agent and dextran as blood substitute).
Disorders of carbohydrate metabolism are characteristic for many diseases such as diabetes mellitus, lactose and fructose intolerance, galactosemia, glycogen storage diseases, damages of liver and nervous system.

Knowledge about the structure of mono- and polysaccharides and their properties can be used in practice of future doctors and in medico-biological investigations.
Questions for out-of-class self-work for estimation of students' initial level of knowledge:
1. Classification of carbohydrates. Isomerism. Tautomeric forms of monosaccharides. Mutarotation

2. Chemical reactions of monosaccharides with the participation of carbonyl-group: oxidation-reduction reactions (qualitative reactions for the detection of aldehyde group).
3. Glycoside formation, their role in the structure of oligo- and polysaccharides, nucleosides, nucleotides and nucleic acids. Phosphate esters of glucose and fructose, their significance in carbohydrate metabolism.
4. Ascorbic acid as derivative of hexoses, biological role of vitamin С.

5. Oligosaccharides: structure, properties. Disaccharides (sucrose, lactose, maltose), their biomedical significance.

6. Polysaccharides. Homopolysaccharides: starch, glycogen, cellulose, dextran - structure, hydrolysis, biomedical significance. Qualitative reaction of starch.

7. Heteropolysaccharides: determination, structure. Structure and biomedical significance of glucosaminoglycans (mucopolysaccharides) - hyaluronic acid,  chondroitin sulfates, heparin.
Practical skills:
1. To be able to explain the dependence of reactivity of monosaccharides on the nature of chemical bond and mutual influence of the atoms in the molecule.

2. To be able to predict the most important properties of monosaccharides which are related to the presence of carbonyl and hydroxyl groups in their structure.

3. To be able to conclude about the existence of monosaccharides in different tautomeric forms that influences their reactivity and makes it possible to identify monosaccharides in biological liquids in laboratory.

4. To be able to conclude and analyze the relationship between the structure, physical and chemical properties of polysaccharides.

5. To be able to explain peculiar features of structure and transformations of homopolysaccharide in the organism as food products that are source energy for life processes.

6. To be able to explain the mechanisms of biological role of hetero (glucosaminoglycans) in biological liquids and tissues.

7. To be able to make qualitative reactions which demonstrate the presence of aldehyde groups and several hydroxyl groups.
8. To be able to explain differences in structure of reducing and non-reducing disaccharides.
Questions for class-work and self-work:
1. The most common carbohydrates in nature are:

а) trioses and tetroses;      b) pentoses and hexoses;      c) heptoses and octoses.

2. Write structures of enantiomers and diastereomers on the example of glucose.

3. Write all tautomeric forms in which D-mannose can exist in water solution. Explain phenomenon of mutarotation.


4. Obtain glycoside of β- D- ribofuranose (reaction with ethanol). Describe the mechanism of the reaction. Name the compound. What is the significance of the reaction?


5. Write the reaction β- D- ribofuranose with ethyl iodide and name product of this reaction.

     6. Perform hydrolysis of the compound obtained in task 5. Name product.

7. Write the chemical equation for the reaction between glucose and phosphoric acid and name product of this reaction. What is the significance of the reaction?

   8. Write the chemical equation for the following reactions: D-glucose with bromine water, D-glucose with nitric acid, D-glucose with copper (II) hydroxide at normal temperature and at heating.

9. Reduce fructose. Name the product. What is its use in medicine? 

10. Write the schemes of glucose epimerization in alkaline medium. What is the significance of the reaction?



11. Give the definition of polysaccharides.

12. Classification of polysaccharides:

a) according to the qualitative composition

b) according to the quantitative composition

13. Characterize the structure of the most important disaccharides. Obtain maltose, lactose and sucrose from the respective monosaccharides.

14. Which of the disaccharides, mentioned in task 13, belong to reducing and non-reducing disaccharides. What is the difference in their structures?

15. What is the composition of vegetable starch?

16. Draw a fragment of molecule of: 

a) amylose from α-glucopyranose. Describe secondary structure of amylose and its influence on the properties. 

b) amylopectin

17. Describe properties and biological role of vegetable starch.

18. Describe the structure of the molecule, properties and biological role of animal starch - glycogen. 

19. What is the structure of a cellulose molecule? What is the difference in properties of cellulose and vegetable starch? What is the significance of cellulose?

20. Dextran: structure and application.

21. Write the formulas of the following heteropolysaccharides of the connective tissue and explain their role in vital activity:


а) hyaluronic acid

b) chondroitin sulfate (4 or 6)

     c) heparin

Laboratory work.
Experiment 1. Proof of the presence of several hydroxyl groups in monosaccharide molecules.
Place 1 drop of 0.5% D-glucose solution and 6 drops of 10% sodium hydroxide solution into a test tube (solution 1). Add 1 drop of 2% copper (II) sulfate solution to the obtained solution (solution 2). Store solution 2 for the next experiment.
CuSO4 + 2NaOH ↔Cu(OH)2 + Na2SO4

[image: image33.emf]
Observations____________________________________________________________________

________________________________________________________________________________

Conclusions ________________________________________________________________________________

________________________________________________________________________________
Experiment 2. Oxidation of glucose with copper (II) hydroxide (Trommer’s test)
Take a test tube with a solution 2 from the previous experiment and add 1 – 2 ml of distilled water to it. Heat the test tubes in a boiling water bath. Observe formation of orange-red colored precipitate of cuprous oxide (Cu2O) in the test tube. 
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Observations____________________________________________________________________

________________________________________________________________________________

Conclusions ________________________________________________________________________________

________________________________________________________________________________

Experiment 3. Seliwanoff's test for the detection of fructose
Place a few crystals of solid resorcinol, 1 - 2 drops of concentrated hydrochloric acid and 2 drops of 0.5% solution of fructose into a test tube. Heat the mixture but not boil. 

[image: image35.emf]
Observations ____________________________________________________________________

________________________________________________________________________________

Conclusions ________________________________________________________________________________

________________________________________________________________________________

Experiment 4. Reducing properties of dіsaccharides.
Take three test tubes. In the first test tube place 2 drops of 1% sucrose solution, in the second  - 2 drops of 1% maltose solution and add 2 drops of 1% lactose solution into the third test tube. Add 6 drops 10% sodium hydroxide solution in each of the three test tubes. Pour 1 – 2 mL of water into every test tube and add 1 drop of 2% copper (II) sulfate solution. Heat the test tube only near the top of the test tube, holding it in a tilted position, but not boil.

[image: image36.emf]
Observations ____________________________________________________________________

________________________________________________________________________________

Conclusions ________________________________________________________________________________

________________________________________________________________________________

Experiment 5. Acid hydrolysis of sucrose.
Place 5 drops of 1% solution of sucrose and 5 drops of 10% solution of hydrochloric acid into a test tube and heat it carefully. Boil received solution for 30 sec., shaking from time to time. Pour half of obtained sucrose hydrolyzate in other test tube and add 6 drops of 10% solution of sodium hydroxide and 1 drop of 2% solution of copper sulfate in it. Heat the test tube only near the top of the test tube, holding it in a tilted position, but not boil.
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Observations ____________________________________________________________________

________________________________________________________________________________

Conclusion______________________________________________________________________

________________________________________________________________________________

Experiment 6. Qualitative reaction to starch
Place 5 drops of 0.5% starch solution and 1 drop of diluted solution of iodine into a test tube.

(C6H10O5)n + I2 → dark-blue coloration
Observations _____________________________________________________________________

________________________________________________________________________________

Conclusions ________________________________________________________________________________

________________________________________________________________________________
Date ________________     


Teacher’s signature _____________
Subject 6. Higher fatty acids. Lipids. Phospholipids.

Number of hours - 4.

Motivational characteristics.
Material of this subject is the base for understanding the structure, chemical properties of saponifiable lipids and their structural components that are base for studying the biological membranes and lipid metabolism.
Questions for out-of-class self-work for estimation of students' initial level of knowledge:
1. Classification and biological role of lipids.

2. The most important fatty acids are structural components of lipids.

3. Analytical characteristic of fats: saponification value; iodine value.

4. Chemical properties of lipids: hydrolysis of fats (acidic and basic), oxidation of fats.

5. Composition, structure and biological role of structure of waxes.

6. Structure and properties of phospholipids, sphingomyelins, glycolipids.

Practical skills:
1. To be able to write esterification reaction.

2. To be able to write the scheme of fat formation.

3. To be able to predict properties of esters, saponifiable lipids.

4. To be able to produce esters, perform saponification reaction.

5. To be able to calculate theoretical value of saponification number.

6. To be able to prove unsaturation of higher fatty acids that are components of fat. 
Questions for class-work and self-work:
1. Show the mechanism of acetic acid esterification with propanol-1 at presence of sulfuric acid.
2. Write the chemical equation for the reaction between acetic acid and coenzyme A. Compare acylating ability of propyl acetate and acetyl-CoA.

3. Acetyl-CoA is a carrier of acetyl group to nucleophilic substrates. Write the scheme of reaction of acetyl-CoA with amino alcohol choline. Pay attention to the biological role of choline and acetylcholine.

4. Write formulas for the most important fatty acids and name them, which of them are essential for human body:

а) saturated: 
lauric



myristic

palmitic 


stearic

b) unsaturated:    linoleic



linolenic
oleic 



arachidonic

5. Draw the conformation of hydrocarbon radical of oleic acid which is present in animal lipids. Which isomers of unsaturated fatty acids constitute the lipids of cellular membranes?

6. Write the scheme of formation of triacylglycerin (fat) containing linoleic, oleic and palmitic acids. What is the name of the formed substance?

7. Write the scheme of saponification of palmitoil-oleoil-linoleoilglycerin with KOH solution. Calculate a theoretical value of saponification number. What is the difference between triacylglycerins with different saponification numbers?

8. Write the scheme of β-oxidation of stearic acid.

9. Write the reaction equation for palmitoil-oleoil-linoleoilglycerin with iodine. What is this reaction used for?

10. Obtain cephaline and lecithin containing residues of myristic and linoleic acids.

11. Write the structure of sphingomyelin, cerebroside, and ganglioside. What is their biological role?

Laboratory work.
Experiment 1. The elimination of free fatty acids from soap.

Place 5 drops of freshly-prepared concentrated solution of soap into a test tube and add 1 drop of 10% H2SO4.
2C17H35COONa + H2SO4 → 2C17H35COOH + Na2SO4
Observations _________________________________________________________________

________________________________________________________________________________

Conclusions _____________________________________________________________________

________________________________________________________________________________


Experiment 2. Ability of soaps to emulsify fats.


Place 1 drops of sun flower oil into a test tube, add 5 drops of water and shake vigorously. What's happening? To the received emulsion add 5 drops of soap solution and shake vigorously again.
Observations ____________________________________________________________________

________________________________________________________________________________

Conclusions_____________________________________________________________________

________________________________________________________________________________

Experiment 3. Formation of insoluble calcium salts of fatty acids.


Place 5 drops of soap solution and add 1 drops of 5% solution of calcium chloride. Shake vigorously.
2 C17H35COONa + CaCl2 → (C17H35COO)2Ca + 2 NaCl
Observations _________________________________________________________________

________________________________________________________________________________

Conclusions ______________________________________________________________________

________________________________________________________________________________

Date__________________      

Teacher's signature _____________________ 
Subject 7. Classification, structure and significance of biologically active heterocyclic compounds. Structure and biochemical functions of nucleosides, nucleotides and nucleic acids.

Number of hours - 4.

Motivational characteristics.
High importance of heterocyclic compounds is that they are basis of many natural biologically active compounds and medicinal products. Alkylated pyrol rings are the base of important biologically active compounds: hemoglobin, chlorophyll and vitamin В12. Heterocyclic rings (indole, imidasole etc.) are a part of some essential amino acids such as tryptophane, histidine etc. There are many medicinal products containing heterocyclic compounds: non-narcotic analgetics contain pyrazolone-5; vitamin PP and antituberculosis drugs which contain pyridine ring.

To know the structure and properties of biopolymers (nucleic acids) is necessary to understand the essence of normal processes and pathology, the origin of hereditary diseases and problems of vital activity regulation.
Questions for out-of-class self-work for estimation of students' initial level of knowledge:
1. Classification of heterocycles classified according to the size of the heterocyclic ring and the nature and number of the heteroatoms.
2. Aromaticity of heterocycles.

3. Biologically important five-membered heterocycles.

4. Biologically important six-membered heterocycles.

5. Nucleic acids are biopolymers that store information, transfer genetical information and take part in protein biosynthesis.
6. Composition and structure of components of nucleic acids: nitrogen bases, monosaccharides.

7. Nucleosides and nucleotides – products of incomplete hydrolysis of nucleic acids. Structure of nucleotides.

8. Structure and significance of 3*,5* - cAMP.

9. Structure and biochemical functions of DNA.

10. Types of RNA, their structural organization and their biological role. Differences in structure, location and functions of DNA and RNA.

11. Phosphorylated derivatives of nucleotides. Biological role of ADP, ATP.

12. Participation of nucleotides in the formation of coenzymes. Mechanism of action of NAD+.

Practical skills:
1. To be able to explain dependence of the reactivity of heterocyclic compounds on their structure.

2. To be able to simulate laboratory synthesis with the aim of preparation of medicinal products and also biosynthesis in the organism.
3. To be able to explain the mechanisms of participation of heterocyclic compounds as a part of vitamins, hormones and coenzymes in different biochemical transformations.

4. To be able to analyze the importance of mononucleotides in the formation of nucleic acids and actions of nucleotide coenzymes.

5. To be able to explain the mechanisms of participation of vitamins in the formation of coenzymes catalyzing biochemical transformations in the organism.
Questions for class-work and self-work:
1. Compare the electron structure of pyrol and pyridine. What is the difference between pyrol-type and pyridine-type nitrogens?

2. Write the reactions equations for the pyrol, pyridine and imidazole interaction with bromine taking into consideration directing action of the heteroatom.

3. Write the structure of heme. What process is its function based on? 

4. Write the structure of pyrazolon-5 derivatives which are antipyretics and analgesics.

5. Write the structure of tryptophan. Write dawn reaction of its decarboxylation and name the product obtained.

6. Serotonin is one of the brain neuromediators. Write the reaction equation of serotonin formation from tryptophan.

7. Write the scheme of hystidine decarboxylation reaction. What is the biogenic role of obtained amide?

8. Write tautomeric forms of barbituric acid and explain why it is a strong acid. Barbiturates.

9. Medicines such as Isoniazid (Tybazid) and Phtivazid are used as antituberculous drugs. Give the scheme of their synthesis from isonicotinic acid 

10. 5-nitro-8-hydroxyquinoline possesses pronounced bactericidal action and is used for urinary tract infections treatment. Obtain this drug from 8-hydroxyquinoline. 

11. Write the formulas for the following nitrogen bases:

a) Uracil (2,4-dioxopyrimidine)

b) Thymine (5-methyl-2,4-dioxopyrimidine)

c) Cytosine (4-amino-2-oxopyrimidine)
d) Adenine (6-aminopurine)
e) Guanine (2-amino-6-oxopurine)

12. Write the formulas of nucleosides:

a) Uridine
b) Cytidine
c) Adenosine
d) Guanosine
and  nucleotides:

a) thymidylic acid (thymidine-5’-phosphate)
b) 5’-guanylic acid (guanosine –5’-phosphate)
c) deoxyguanylic acid (deoxyguanosine –5’-phosphate)

13. Write the structure of DNA fragment with ACGT consequence.

14. Write complimentary interaction between two nucleic bases: A-T, G-C.

15. Describe secondary structure of DNA. Biochemical functions of DNA?

16. Name RNA types, describe their structure and biological role. 

17. Write a scheme of hydrolytic decomposition of ATP to ADP.

18. Write the structure of NAD+. 

Laboratory work.
Experiment 1. Interaction of antipyrine and amidopyrine with iron (III) chloride.
In a test tube dissolve a few crystals of antipyrine in 2 drops of distilled water. To the received solution add 1 drop of 1 % solution of iron (III) chloride and observe appearance of the intensively orange color, predefined by the formation of complex compound — ferropyrine.  

                   1-phenyl-2,3-dimethyl-pyrazolone-5

For comparison in the second test tube dissolve a few crystals of amidopyrine in 2 drops of water and add 1 drop of 1 % solution of iron (III) chloride. Observe appearance of the blue color that quickly disappears. Then in a test tube add again 3 drops of 1 % solution of iron (III) chloride. Flaky brown precipitate forms. Upon the further acidification of the tube content by 2 drops of diluted chloride acid the precipitate dissolved, and the solution becomes intense blue-violet; the color dose not disappear (distinctive reaction between amidopyrine and analgin). 
[image: image38.jpg]H,C. H,C.

Hosno_ o, o BOn I T on,
Tk & ¢
o lil”"\cﬂJ oZ N eH,

CeHs CeHss




                                      amidopyrine,                                                dioxyamidopyrine

                           4-dimethylamino-antipyrine
Observations _________________________________________________________________

________________________________________________________________________________

Conclusions ______________________________________________________________________

________________________________________________________________________________
Experiment 2.  Interaction of antipyrine and amidopyrine with nitrous acid
In a test tube dissolve a few crystals of antipyrine in 2 drops of distilled water. To the received solution add 1 drop of 10 % solution of sulfuric acid and 1 drop of 5% solution of sodium nitrite. Observe appearance of emerald-green color, predefined by the formation of 4-nitrozoantipyrine.
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For comparison in the second test tube dissolve a few crystals of amidopyrine  in 2 drops of distilled water. To the received solution add 1 drop of 10 % solution of sulfuric acid and 1 drop of 5% solution of sodium nitrite.
Observations _________________________________________________________________

________________________________________________________________________________

Conclusions ______________________________________________________________________

________________________________________________________________________________

Experiment 3. Solubility of uric acid and its sodium neutral salt in water.
Place a small amount of uric acid into a test tube. Add water dropwise shaking the test tube. Pay attention to bad solubility of uric acid in water. To the received solution add 1 drop of 10 % NaOH solution and keep this solution for the next experiments. 

Observations ____________________________________________________________________

________________________________________________________________________________

Conclusions ________________________________________________________________________________

________________________________________________________________________________

Date__________________                     Teacher's signature _____________________ 
List of practical skills which students are to master after studying the course of bioorganic chemistry
Iodoform test for acetone. Tromer’s reaction with formaldehyde. Wagner’s reaction with oleic acid.
Proof of fat unsaturation (reaction with potassium permanganate).

Proof of the presence of free phenol hydroxyl in salicylic acid.

Proof of the presence of free phenol hydroxyl in salol.

Production of Feling’s reagent. 

Feling’s reaction with glucose, lactose and maltose. Qualitative reaction of starch. Preparation of copper gluconate.
Reaction with α-amino acids, peptides, proteins. Xantoprotein reaction with aromatic amino acids, peptides, proteins. Fohl’s reaction with sulfur-containing amino acids, peptides, proteins. Biuret reaction with peptides and proteins. Precipitation of proteins with trichloroacetic acid. Protein precipitation with sulfosalicylic acid.

Detection of purine nucleoproteid in hydrolysate. Detection of phosphoric acid nucleoproteid in hydrolysate. Detection of ribose nucleoproteid in hydrolysate. Detection of amylase in saliva.

Detection of hormones of protein and peptide nature with biuret reaction. Detection of adrenalin by reaction with iron chloride.

REQUIREMENTS OF EPP AND EQC
Professional should be able to

NP (natural science) preparation.

NP.023 Application of chemical methods of qualitative and quantitative analysis.

NP.030 To explain main types of chemical equilibrium to form multi-faceted approach to the studying of life processes.

NP.035 To classify the chemical properties and transformations of bioinorganic compounds in life processes of the organism.

NP.049 To explain general physico-chemical common factors that are the basis of many human life processes.

NP.006 To analyze the conformity of the bioorganic compounds structure to their physiological functions, which they play in the human body.

NP.009 To analyze reactivity of carbohydrates, lipids, amino acids that ensure their functional properties and metabolic transformations in the organism.

NP.031 To explain peculiarities of structure and transformations of the bioorganic compounds in the organism, bases of their pharmacological action as medicinal products.

NP.032 To explain peculiarities of physiological state of the organism and development of pathological process based on the laboratory invesigations.

LIST OF QUESTIONS FOR GRADED TEST

«BIOLOGICALLY IMPORTANT CLASSES OF BIOORGANIC COMPOUNDS. BIOPOLYMERS AND THEIR STRUCTURAL COMPONENTS»
1. Main rules of substitutive IUPAC nomenclature. How to name bioorganic compounds;

Interaction between the structure, configuration and conformation of bioorganic compounds;

2. Dependence of the reactivity of bioorganic compounds on the nature of chemical bond and mutual influence of the atoms in the molecule;

3. Reaction mechanism of different classes of bioorganic compounds, their transformation in biological systems;

4. Dependence of the biological activity of the carboxylic acids on the spatial structure of the molecules.

5. Reaction mechanism, characteristic for carboxylic acids and lipids, their transformation in biological systems;

6. Biological role of different classes of lipids in life processes;

7. Existence f monosaccharides in different tautomeric forms and it influence on their reactivity and possibility to identify monosaccharides in biological liquids in laboratory investigations;

8. Peculiar features of structure and transformations of homopolysaccharide in the organism as food products that are source energy for life processes;
9. Test principles for detection and determination of monosaccharides in blood, urine, saliva;
10. Biological role of heteropolysaccharides in biological liquids and tissues.
11. Peculiar features of structure of α-amino acids, as the base of biopolymers — proteins that are structural components of all body tissue;
12. Transformations of α-аminoacids in the human body and dependence of the formation of physiologically active compounds (PAC) on their structure and reactivity;
13. Mechanism of formation of biogenic amines and their influence on the physiological functions of the organism;
14. Dependence of the physico-chemical properties of proteins on their aminoacid composition;
15. Qualitative reactions of α-aminoacids for the determination of aminoacid composition of proteins and usage of biuret reaction for qualitative analysis of proteins.
16. Dependence of the reactivity of heterocyclic compounds on their structure. Biosynthesis of heterocyclic compounds in the human body and laboratory synthesis for medicinal products preparation;
16. Biological activity of the heterofunctional derivatives of heterocyclic series under their special structure and chemical behavior;
17. The importance of mononucleotides in the formation of nucleic acids and actions of nucleotide coenzymes;

18. Mechanisms of participation of vitamins in the formation of coenzymes catalyzing biochemical transformations in the organism.

List of biologically important compounds, formulas of which student must know!
	Hudroxy- and oxo-acdis
	Monosaccharides
	Lipids
	Heterocyclic compounds
	Amino acids
	Nucleic acids
	Vitamins

	glycolic acid
	α-D-ribofuranose

(ribose)
	lauric acid
	pyrol
	glycine
	uracile
	vitamin А (retinol, retinal)

	glyoxylic acid
	α-D-desoxyribofuranose

(deoxyribose)
	myristic acid
	pyridine
	alanine
	thymine
	vitamin Е

(α-tocopherol)

	lactic acid
	α-D- and α-D-glucopyranose

(glucose)
	palmitic acid
	indole
	valine
	cytosine
	Ascorbic acid

(vitamin С)

	pyruvic acid
	α-D-galactopyranose

(galactose)
	stearic acid
	quinoline
	leucine
	adenine
	Amino alcohols

	malic acid
	α-D-fructofuranose

(fructose)
	oleic acid
	thiazol
	isoleucine
	guanine
	ethanolamine

	guanine
	α-D- and α-D-mannopyranose

(mannose)
	linoleic acid
	furan
	serine
	АMP
	choline

	oxaloacetic acid
	Glucuronic acid
	linolenic acid
	thiophen
	threonine
	АТP
	

	acetoacetic acid
	Polysaccharides
	lignoceric acid
	pyrazole
	arginine
	NAD+
	

	citric acid
	lactose
	arachidonic acid
	imidazole
	lysine
	3',5'-c-АМP
	

	isocitric acid
	amylose
	arachidonic acid
	pyrimidine
	aspartic acid (asparagine)
	coenzyme А
	

	salicylic acid
	maltose
	sphingosine
	purine
	glutamic acid (glutamine)
	
	

	α-ketoglutaric acid
	cellobiose
	glycerol
	hem
	cysteine
	
	

	oxalsuccinic acid
	sucrose
	fat
	serotonin
	methionine
	
	

	
	amylopectin

(glycogen)
	phosphatidic acid
	antipyrine
	phenylalanine
	
	

	
	Chondroitine sulfate

(4- or 6-)
	sphingomyelin
	amidopyrine
	tyrosine
	
	

	
	hialuronic acid
	ganglioside
	analgin
	tryptophan
	
	

	
	heparin
	cerebroside
	thiamine (vitamin В1)
	histidine
	
	

	
	cellulose
	lecitine
	pyridoxal

(vitamin В6)
	proline
	
	

	
	
	cephaline
	barbituric acid
	
	
	

	
	
	
	nicotinic acid,

nicotinamide

(vitamin В6)
	
	
	

	
	
	
	uric acid
	
	
	

	
	
	
	isonicotinic acid
	
	
	

	
	
	
	tybazid
	
	
	

	
	
	
	phtivazid
	
	
	

	
	
	
	theophylline
	
	
	

	
	
	
	theobromine
	
	
	

	
	
	
	coffeine
	
	
	

	
	
	
	5-nitro-8-oxyquinoline(5-NOQ)
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